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Abstract

Fish are good indicators of aquatic environment pollution because of their capability to uptake
pollutants contained in water. Therefore, accumulation of pharmaceutical compounds in
freshwater and marine fish and other aquatic organisms has been studied extensively in the last
decade. In this context, the present study investigates the occurrence of pharmaceutical compounds
in wild fish from 25 polluted river sites in the USA, downstream from wastewater treatment plants
(WWTPs). Sample sites constitute a subset of urban rivers investigated in the U.S. EPA’s 2008-
2009 National Rivers and Streams Assessment. Thirteen pharmaceuticals (out of the twenty
compounds analyzed) were quantified in fish fillets at concentrations commonly below 10 ng g2,
in accordance with the findings from previous studies in the USA and Europe. The psychoactive
drugs venlafaxine, carbamazepine and its metabolite 2-hydroxy carbamazepine were the most
prevalent compounds (58%, 27% and 42%, respectively). This group of drugs is highly prescribed
and rather resistant to degradation during conventional treatment in WWTPs as well as in natural
aquatic environments. Salbutamol, a drug used to treat asthma, and the diuretic
hydrochlorothiazide were also frequently detected (in >20% of the samples). Occurrence of six
pharmaceutical families due to chronic exposure at environmental concentrations in water was
detected in eight fish species.
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1. Introduction

Many contaminants have been detected in wastewater effluents and surface water in recent
years, including pharmaceuticals. Some of these compounds are not completely removed in
the wastewater treatment plants (WWTPSs) (Kolpin et al., 2002; Kostich et al., 2014) and are
released to the environment. Fish and other organisms downstream from WWTP effluent
discharges are constantly exposed to mixtures of biologically active pharmaceuticals, which
could lead to the alteration of important physiological processes, such as development,
reproduction and nervous systemfunction (Liu et al., 2015). This has resulted in an
increasing amount of literature exploring environmental occurrence, fate, effects, and risk
assessment of these compounds. The impact of the contaminants can be evaluated by
assessing selected toxicological effects or by measuring the bioaccumulation of the target
compounds in the organisms. Bioaccumulation has indeed been proposed as a hazard
criterion itself, since some effects may only be recognized in a later phase of life, are
multigenerational effects, or manifest only in higher members of a food web (van der Oost et
al., 2003). The accumulation of pharmaceutical compounds in freshwater and marine fish
has been studied extensively in the last decade (Huerta et al., 2012; Rodriguez-Mozaz et al.,
2017, Rodriguez-Mozaz et al., 2016).

Fish are good indicators of aquatic environment pollution because of their capability to
uptake pollutants contained in water through their gills, as well as by ingestion of
contaminated forage organisms. First studies were published by Brooks et al. (Brooks et al.,
2005) in a single stream, and Ramirez et al. (Ramirez et al., 2009), in a series of streams
heavily impacted by effluent discharges in the USA reporting concentrations of psychoactive
drugs, antihistamines, and p-blockers in fish tissues. Simultaneously, the presence of
psychoactive drugs in fish samples collected in Canada was reported (Chu and Metcalfe,
2007). In these studies, fish tissue concentrations were in the low ng g1 range.
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In Europe, initially most of the data on the presence of pharmaceuticals, mainly antibiotics,
in aquatic organisms emerged from aquaculture and food control studies closely related to
human consumption and regulation demands, where concentrations were found up to 150 ng
g1 (Berrada et al., 2008; Chafer-Pericés et al., 2010). However, in the last few years, the
interest in this subject has exponentially increased, and many reports have been published.
For instance, anti-inflammatories, psychoactive drugs, and B-blockers were detected in
Spain below 10 ng g1 in fish homogenates (Huerta et al., 2013). Other countries, such as
Argentina (Valdés et al., 2016), China (Liu et al., 2015; Zhao et al., 2015) or Japan (Tanoue
et al., 2014), have also reported the presence of multi-class pharmaceuticals - including
antibiotics, anti-inflammatories, p-blockers, synthetic hormones at low concentrations.

There are only limited data available on the effect of pharmaceuticals on aquatic organisms,
although some studies have highlighted the link between the bioaccumulation and the
possible biological effect of these compounds on aquatic organisms (Margiotta-Casaluci et
al., 2014; Mimeault et al., 2005; Valenti et al., 2012). Logically, humans can also be exposed
to the pollutants in water and food (Fedorova et al., 2014).

In this context, U.S. EPA conducted the first statistically based survey of persistent and bio-
accumulative contaminants in fish designed to assess the condition of streams and rivers.
Fish samples commonly consumed by humans were collected at 542 randomly selected river
locations in 48 states in 2008-2009 (See website for more details https://www.epa.gov/fish-
tech/studies-fish-tissue-contamination). Tissue analyses were conducted on these samples
for mercury (Wathen et al., 2015), legacy organics (Batt et al., 2017), and perfluorinated
compounds (Stahl et al., 2014). In addition, 182 water samples were collected from 164
targeted urban river sites and analyzed for 46 pharmaceuticals (Batt et al., 2016). The
objectives of the present study were to investigate the occurrence of pharmaceutical
compounds in 8 wild fish species collected from selected 26 sampling sites downstream
from WWTPs (25 polluted and 1 reference site, where none of the target analytes were
present).

2. Materials and methods

2.1. Standards and reagents

Chemical standards with a high purity grade (>95%) were purchased from Sigma—Aldrich in
the case of atenolol carbamazepine, carazolol, citalopram, clopidogrel, codeine, diazepam,
diclofenac, hydrochlorothiazide, levamisole, lorazepam, nadolol, propanolol, salbutamol,
and sotalol. Sertraline and velafaxine were purchased from the European Pharmacopeia
(EP), while metoprolol was acquired from the US Pharmacopeia (USP). Metabolites 2-
hydroxycarbamazepine (2-HydroxyCBZ) and 10, 11-epoxycarbamazepine (10, 11-
EpoxyCBZ) were purchased from Toronto Research Chemicals (TRC). Internal standards
diazepam-ds, fluoxetine-ds ibuprofen-ds, and ronidazole-dz were purchased from Sigma-
Aldrich, while atenolol-d, carbamazepine-dyq, citalopram-d,4, and hydrochlorothiazide-d,
were acquired from CDN isotope, as well as antipyrine-ds and cimetidine-ds, used as
surrogate standards, and venlafaxine-dg was acquired from TRC. All stock standards were
prepared in methanol at a concentration of 1000 mg L~1 and stored at —20 °C. Fresh
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working standard solutions (20 and 1 mg L™1) of all compounds were prepared in methanol/
water (10:90, 1/v) before each analytical run.

2.2. Site selection and sample collection

This national fish survey was conducted under the framework of EPA’s National Rivers and
Streams Assessment (NRSA), a probability-based survey designed to assess the condition of
the Nation’s streams and rivers (https://www.epa.gov/national-aquatic-resource-surveys/
national-rivers-and-streams-assessment-2008-2009-report). Sampling sites were selected
using a probability-based approach (Stevens and Olsen, 2004). Field teams applied
consistent methods nationwide to collect samples of fish commonly consumed by humans at
542 randomly selected river locations in the lower 48 states during June through October
2008-2009 (see website for more detailed information https://www.epa.gov/fish-tech/
studies-fish-tissue-contamination). Rivers were designated as fifth order or greater based on
Strahler stream order (Strahler, 1957). The 542 nationwide sites were further stratified into
164 urban river sites where at least one water sample was collected for pharmaceutical
analyses. The 164 urban sites were then ranked based on the highest number of target
PhACs detected (among the total of 46 pharmaceuticals analyzed in water; Fig. 1).

Among those sites, only 25 sites were selected for analysis of fish tissue samples for 20
pharmaceuticals for this study (see Table S2 & Fig. S1 in Supporting Information). Criteria
used for selecting sites for pharmaceutical analyses of fish fillets included:

a. The fish species collected for fish tissue analyses were selected based on a
relatively broad continental U.S. distribution, and were also selected by their
consumption by humans (see https://www.epa.gov/sites/production/files/2013-/
documents/nrsa_field_manual_4 21 09.pdf for target species and size).

b. Forty-six pharmaceuticals, including 6 biologically active metabolites, were
measured and reported in the water samples, but only 5 of those (sertraling,
atenolol, metoprolol, carbamazepine and hydrochlorothiazide) were in common
with the method applied to determine pharmaceutical presence in fish samples.
The occurrence of those 5 pharmaceuticals that could be measured not only in
water, but also in fish, was used to prioritize the sites for fish tissue analyses.
Sites were prioritized based on the highest concentrations found for these 5
pharmaceuticals in water (see Fig. S1). One site (FWO08T.X038) was selected as a
reference site, as only one pharmaceutical (the antibioticsulfamethoxazole) out of
45 was measured sa previous study (Batt et al., 2016).

c. The site had to be proximally 5 miles or less downstream from a WWTP
(Wathen et al., 2015), as concentrations of pharmaceuticals are heavily linked to
WWTP discharges.

Field teams used active methods, primarily electrofishing, to collect one fish composite
sample that consisted of five similarly sized adult fish of the same species from each site.
Selected fish species were ubiquitous, abundant, and easily identified. Largemouth and
smallmouth bass were the primary species collected for the 2008—2009 National Sand
Streams Assessment, accounting for 25% and 34% of all fish composites, respectively. Fish
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samples were shipped on dry ice to the designated sample preparation laboratory for storage
until subsequent fillet tissue sample preparation and analysis. Other aspects of fish collection
and handling methods are further described elsewhere (U.S. EPA, 2013).

Fish were filleted in the laboratory. Scales were removed, then lateral muscle fillets from
both sides of each fish were prepared with skin on and the belly flap (ventral muscle and
skin) attached (US-EPA, 2000). Fillet composites were homogenized using a tissue grinder
(Batt et al., 2017; Stahl et al., 2014). Fillet tissue composite samples for this study were
freeze-dried and stored at —20° C until analysis. A total of eight fish species were collected
for the analysis of pharmaceuticals, including smallmouth bass (Micropterus dolomied),
largemouth bass (Micropterus salmoides), white sucker (Catostomus commersonii), yellow
perch (Perca flavescens), channel catfish (/ctalurus punctatus), common snook
(Centropomus undecimalis), freshwater drum (Aplodinotus grunniens), and spotted bass
(Micropterus punctulatus).

2.3. Analysis of pharmaceuticals in water

Surface water samples were extracted and analyzed by Batt et al. (Batt et al., 2016) using a
previously reported method (Batt et al., 2008). Briefly, 500 mL of each sample was extracted
with 150 mg Oasis HLB MCX (Waters) cartridges at an unadjusted pH. Acidic and neutral
analytes were eluted by acetonitrile, and basic analytes were eluted by 95% acetonitrile and
5% ammonium hydroxide into separate silanized glass tubes. Immediately before analysis,
extracts were concentrated to dryness under a constant flow of nitrogen prior to
reconstitution in either 20% acetonitrile (acidic and neutral analytes) or 20% methanol
(basic analytes). Reconstituted extracts were analyzed by LC-MS/MS in a Waters Acquity
ultra performance liquid chromatograph coupled to a Micromass Quattro Micro triple
quadrupole mass spectrometer with an electrospray ionization source operated using
multiple reaction monitoring. Analytes were separated on a BEH C18 column (1.0 x 100
mm, 1.7 pm).

2.4. Analysis of pharmaceuticals in fish

Fillet composite samples were treated according to the method developed by Huerta et al.
(Huerta et al., 2013). Briefly, 1 g of freeze-dried sample was extracted with methanol in an
automated solvent extractor system (ASE® 350, Dionex). Extracts were concentrated to 1
ml and then 250 pl was passed through a preparative column (EnviroPrep, 300 mm x 21.2
mm, 10 um pore size) in a gel permeation chromatography system (Agilent 1260 Infinity) in
tandem with a diode array detector (HPLC-DAD) for lipid removal. Fractions were collected
between minutes 13.5 to 26.5 and evaporated to dryness. All fractions from each sample
were collected and combined in a final purified extract in methanol/water (10:90) and
analyzed by ultra-performance liquid chromatography (UPLC Acquity, Waters, Mildford,
USA) coupled to a QTRAP® 5500 (AB SCIEX, Framingham, USA) with electrospray
ionization (ESI), according to the method developed by Gros et al. (Gros et al., 2012). An
Acquity HSS T3 with 10 mM formic acid/ammonium formate (pH 3.2) and methanol as the
mobile phase at a flow rate of 0.5 mL min~! was applied for the compounds analyzed in the
positive mode, whereas an Acquity BEH Cyg with acetonitrile and 5 mM ammonium
acetate/ammonia (pH = 8) as mobile phase at a flow rate of 0.6 mL min~1 was used for the
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compounds analyzed in negative mode. Quantification was performed with a matrix-
matched calibration curve together with the internal standard approach (9 labeled
compounds) in the concentration range from 0.1 to 50 ng g~1. Methodological blanks were
extracted and purified following the same method. One blank was extracted each 10
samples. Analytical blanks were injected together with the samples each 5 injections.
Method detection limits (MDL) were in the range of 0.03-0.50 ng g~1.

2.5. Calculation of bioaccumulation factors

Bioaccumulation factors (BAFs, in L-kg™1) of pharmaceuticals in fish samples were
estimated as the ratio between the concentration of the pharmaceutical in the fish fillet
composite (ug kg~ wet weight) divided by the concentration of the same pharmaceutical in
water (ug L™1), assuming stationary state. Predicted BAFs were obtained from the linear
regression proposed by Arnot and Gobas (Arnot and Gobas, 2006), using the octanol-water
distribution coefficient (Dg,,) instead of the octanol-water partition coefficient (Kq): log
BAF = 0.86 log Dow + 0.12.

3. Results & discussion

3.1. Analysis of pharmaceuticals in fish

A summary of the results are shown in Table 1 (see also Table S3 in Supporting
Information). Thirteen pharmaceuticals (out of 20 analyzed) were detected in fish fillets
collected from the 25 selected urban sites. In the majority of cases, measured concentrations
(all in dry weight in this study) were below 10 ng g1, as seen in previous studies (Huerta et
al., 2013).

Psychoactive drugs (antiepileptics and antidepressants) were the most prevalent therapeutic
family in this study, as at least one compound of this group was detected in 15 samples out
of 25, and in all fish species (see table S4). Six out of eight psychoactive compounds were
detected at least once. This group of drugs is highly prescribed and the consumption of these
drugs increased considerably in western countries over the last decade (OECD, 2013). In
fact, these compounds have been consistently detected in surface water at relatively high
concentrations (Silva et al., 2015). Consequently, they have been frequently measured in
tissues (brain, liver, plasma) of fish and mollusks, normally at concentrations in the low ng g
~1 range (Brooks et al., 2005; Du et al., 2015; Grabicova et al., 2015; Huerta et al., 2013;
Silva et al., 2015). This may be cause for concern, as many studies have reported biological
alterations (e.g. reproduction, physiology, and behavior alterations in fish) induced by these
compounds in aquatic organisms (Silva et al., 2015).

Many of these compounds are relatively hydrophobic (Log Kgy, > 3), therefore they may
have the ability to accumulate (Du et al., 2015; Ramirez et al., 2007; Silva et al., 2015).
Many of these drugs are weakly alkaline compounds. In waters with a high pH they appear
in a neutral form, while in a low pH environment in an ionic form.

Venlafaxine was the most detected compound, in concentrations from below quantification
limit to 23 ng g~ (detection frequency: 52%). Venlafaxine is an antidepressant belonging to
the class of the serotonin-norepinephrine reuptake inhibitors. This compound has been
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measured in wastewater effluent and in wastewater-dominated streams at very high
concentrations (>1000 ng L™1) in several studies carried out in the USA (Schultz et al.,
2010; Schultz and Furlong, 2008). Venlafaxine values found in this study were higher than
those found in wild fish from Iberian rivers (Huerta et al., 2013) and from streams in the
USA (Schultz et al., 2010) and similar to those detected in caged fishes exposed to effluent
from a WWTP (21 ng g~1) (Grabicova et al., 2014). This compound has also been detected
previously in marine mollusks at similar (Alvarez-Mufioz et al., 2015) or lower
concentrations (up to 3 ng g~1) in samples collected from the Mediterranean (Martinez
Bueno et al., 2014, Martinez Bueno et al., 2013; Moreno-Gonzalez et al., 2016).

The second most detected psychoactive drug was carbamazepine, which was detected at
concentrations up to 8 ng g1, together with its metabolite 2-hydroxy-carbamazepine, which
was detected at lower concentrations (up to 2.5 ng g~1) (detection frequencies were 16% and
20%, respectively). Several studies have previously detected carbamazepine and its
metabolites 2-hydroxy-carbamazepine and EPO-Carbamazepine in wild fish (Huerta et al.,
2013; Moreno-Gonzalez et al., 2016; Valdés et al., 2014) at concentrations (in dry weight)
similar to this study. Carbamazepine, primarily used for the treatment of epilepsy, is excreted
by humans in its unaltered form along with several metabolites, including the metabolite 2-
OH-CBZ (Zhang et al., 2008). Both compounds have been found in wastewaters at 219 and
370 ng L1 for carbamazepine and 2-OH-CBZ, respectively (Snip et al., 2016), as well as in
surface waters at 32 and 59 ng L1 respectively (Aymerich et al., 2016). Therefore, the
presence of 2-OH-CBZ in the fish from the current study could be attributed, on one hand, to
the direct uptake of the metabolite from the aquatic environment, and on the other hand, to
the metabolization of carbamazepine by the organism itself as other studies suggest.
Bioaccumulation and metabolization of carbamazepine in fish were studied in mesocosms
experiments by Valdés et al., who detected 2-OH-CBZ and EPO-Carbamazepine in different
tissues of J. multidentata(Cyprinodontiformes, Anablepidae), although at much lower
concentrations than the parent compound (Valdés et al., 2014). The CBZ:2-OH-CBZ ratio
obtained ranged between 14:1 and 6:1 for all the organs of J. multidentata. However,
metabolization of carbamazepine seems to be species dependent, since 2-OH-CBZ was not
detected in biota samples from the carbamazepine exposure studies carried out with mussels
(Miytilus galloprovincialis) (Boillot et al., 2015) or zebra mussel (Daniele et al., 2017) nor in
vitro studies using rainbow trout liver fractions (Connors et al., 2013).

Sotalol and nadolol were also detected in fish from a few sampling sites. These compounds
belong to the B-blocker therapeutic family, a group of cardiovascular drugs, which are highly
prescribed and will be even more in the future due to the great prevalence of hypertension
and rapid aging of western populations (Puckowski et al., 2016). Sotalol has been detected at
very low concentrations in freshwater fish and mollusks in previous studies (Alvarez-Mufioz
et al., 2015; Huerta et al., 2013). Salbutamol and hydrochlorothiazide, both extremely polar
and therefore, not likely to be accumulated, were detected also with relatively high
prevalence. Salbutamol is widely used in the treatment of asthma, and up to 80% of it is
excreted as unchanged compound (Depaolini et al., 2016). Thus, this compound has been
detected in wastewater effluents at 48 ng L™ and in surface water below 5 ng L™ (Gros et
al., 2012; Santos et al., 2013). Hydrochlorothiazide was detected at levels up to 600 ng L1
in surface waters and 3 pug L1 in effluent waters by Batt et al. (Batt et al., 2016). This is
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probably due in part to high prescription amounts for hydrochlorothiazide, but also due to its
reduced metabolism (for instance, excretion rate as unchanged form is in the range of 80—
99%) (Stankiewicz et al., 2015). Both, salbutamol and hydrochlorothiazide, were also
previously detected in fish samples at very low concentrations (<20 ng g1, dry weight)
(Huerta et al., 2013; Moreno-Gonzélez et al., 2016; Valdés et al., 2016).

3.2. Bioaccumulation factors

The calculation of bioaccumulation factors for each particular compound can help to assess
its distribution in environmental compartments (biota and water). Bioaccumulation of two
pharmaceuticals (hydrochlorothiazide and carbamazepine), among the five compounds
analyzed both in water and fish analysis, was assessed. Only these two compounds were
present in more than one fish sample, as sertraline was measured in fish only in one sample.
Bioaccumulation factors (BAFs) were calculated as the ratio between the concentration of
the pharmaceutical in the fish sample divided by the concentration of the same
pharmaceutical in water (water concentrations were obtained from the study previously
published by Batt et al. (Batt et al., 2016)). Results are presented in Table 2. BAFs were
calculated collating data from 4 sampling sites where both water and fish data were
available. In both cases, the observed mean BAF was lower (carbamazepine) or higher
(hydrochlorothiazide) than the predicted BAF. This is often the case, as changes in
pharmaceutical concentrations in river water over time may control effective exposure of fish
during their lifespan. Location and time may affect the concentration of a pollutant in water,
as well as the mobility of organisms. Thus, a relative disparity between predicted and
observed BAFs is expected, and particularly in this case where only a few data points were
viable for BAFs calculation due to the limitations of this study (only 5 compounds measured
both in water and fish). Other known factors explaining variation in BAFs are, for instance,
differences in lipid content among collected fish (higher lipid contents imply a higher
capacity to store hydrophobic compounds), size (larger-bodied animals have slower
elimination rates) or life stage (age reflects organism effective exposure under pseudo-
persistent conditions) (Ruhi et al., 2015). However, lipid normalization has been proved to
be ineffective to explain bioaccumulation of pharmaceuticals, in contrast with other organic
contaminants (e.g. polychlorinated biphenyls (PCBs), dioxins, furans) (Du et al., 2014;
Ramirez et al., 2009).

The bioaccumulation potential is often based on the log K, (or log P), as it was in the case
of the predictive model applied (Arnot and Gaobas, 2006). However, when this approach is
used with pharmaceuticals, which are ionizable, it forgoes the interactions of charged
compounds with the heterogeneous membrane system, which contain polar and charged
phospholipids and membrane proteins (Ismail et al., 2014; Puckowski et al., 2016). In this
study, however, carbamazepine and hydrochlorothiazide were not ionized, so this approach
was considered accurate for this particular case.

In summary, relatively low (when compared with other organic compounds) BAFs values for
carbamazepine were calculated in this study, in agreement with previous reports in snails
(BAF: 3.2) (Du et al., 2015), crustaceans (BCF: 12.6) (\ernouillet et al., 2010) and fish
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(BCF: 0.5-9) (Garcia et al., 2012; Tanoue et al., 2015; Valdés et al., 2016) both in field and
laboratory studies.

3.3. Trophic niche and accumulation

A total of eight fish species were collected for the analysis of pharmaceuticals, including
four carnivores (largemouth bass, smallmouth bass, common snook, spotted bass), two
omnivores (white sucker and channel catfish), and two invertivores (yellow perch and
freshwater drum). Fig. 2 represents the average accumulation of the measured
pharmaceutical groups according to their feeding habits. Among them, channel catfish,
white sucker, and smallmouth bass were the ones with a higher number of compounds
detected (=5). Smallmouth bass, channel catfish and white sucker also presented the highest
average concentrations among all the species: between 4.9 and 6.3 ng g1 (see Table S4).

There is little information about the degree of influence of the trophic niche and feeding
strategy, if any, in the accumulation of pharmaceuticals in fish. In the studies published in
the literature, no systematic approach to study species with similar feeding strategies or
trophic niche has been found. Although previous studies have assessed concentrations of
these contaminants in a variety of species, some of them can be considered comparable to
the ones in the present studies. For instance, Brooks et al. (Brooks et al., 2005) detected
antidepressants in channel catfish at concentrations <10 ng g~* (wet weight). Silurus glanis,
the European catfish, has also been found to accumulate p-blockers at low concentrations
(Huerta et al., 2013). Antibiotics were detected in wild leather catfish (Clarias fuscus), with
maximum concentrations up to tens of ug kg~1 (wet weight) (Zhao et al., 2015). Catfish
feeding strategy is considered omnivorous and, in natural conditions, they feed on a large
variety of items, including insects, plant seeds, and fish. However, most of the catfishes are
carnivorous in the early beginning of their life. Afterwards, their feeding regime switches
progressively to an omnivorous one (Bailey and Harrison, 1948).

In contrast, smallmouth bass (Micropterus dolomied) is carnivorous through its lifespan, and
its diet consists of crayfish, insects, and smaller fish (Poe et al., 1991). Cafostomus
commersonii is a catastomid (omnivore), which is probably the most broadly studied group
in terms of pharmaceutical accumulation (Brooks et al., 2005; Huerta et al., 2013; Ramirez
et al., 2009; Tanoue et al., 2015; Zhao et al., 2015). Catastomids feed on organisms located
in bottom sediments, most commonly small invertebrates, algae and plant matter. It is still
unclear why these three different species, with such diverse feeding strategies, showed more
propensity to accumulate pharmaceuticals than others.

4. Conclusions

Evidence of occurrence of pharmaceuticals in fish tissues due to chronic exposure at
environmental concentrations in water was established in this study. Thirteen
pharmaceuticals were detected in fish fillets from urban systems, although they were
measured at concentrations as low as 10 ng g~2, which probably does not represent an
immediate risk for the exposed organisms. Psychoactive drugs were the most frequently
detected family, with venlafaxine and carbamazepine (and its metabolites) as the most
representative compounds.
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Fig. 1.
Map of sample collection locations.
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Fig. 2.
Pharmaceutical average concentration according to the feeding strategies.
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Table 2

Calculation of BAFs of two selected compounds.

Carbamazepine | Fish Species Hydrochlorothiazide | Fish Species

log P 2.8 - -0.6 -
log Dow (pH 7) 2.8 - -0.01 -
Max fish conc. (ng g™2) 74 - 8.4 -
Mean water conc. (ng L)@ [ 976 - 55.9 -
Mean fish conc. (ng g™%) 3.0 - 0.8 -
Mean BAF (L kg™?) 49 - 20 -
Predicted BAFY 318 - 0.4 -

Largemouth bass | 4.5+0.5 Largemouth bass

Measured BAFs (L kg*l)C 43+0.2

51+0.2 White sucker 9.7+1.2 Channel catfish
11.3+04 Yellow perch 125+15 Channel catfish
90.9+3.6 Smallmouth bass | 16.7 £ 2.0 Common snook

aAs published by Batt et al. (Batt et al., 2016).
bLog BAF = 0.86 log Dow + 0.12.

[5 . . .
Concentration * analytical standard deviation.
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